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NATIONALAINTWRYCOMMITTEE#ORA~OIWU’TICS

REsEARmMEmR-

WIND-TTJNNELj33’3T!3ATLOWSP~D OFSWEPTANDYA~
-.

WIN2SHAYINGV~IOUSPLANFORMS

ByPaulE.Pursera+dM.LeroySpearman

STJMWRY
--—.

Wind-tunneltestsofane~loratory’naturehavebeenmadeat
lowspeedofvarioussmall-scalemodelsofswept-back,swept-
forwardjand.yawedwings.Thetestscoveredchengesinaspect
ratio,taperratio,andtipshaye.Somedatawereobtainedwith
high-liftdevicesonsweyt-backwingsandwithaileronsonswept-
forwardwings,Thedatahavebeenbrieflyanalyzedandsome
comparisonshavebeenmadewiththeavailabletheo~,

Theresults of tie tests andthe analyses indicatedthatthe
valuesoflift-curveslopeandeffectivedihedralofsweptwings
canbe computed.with a reasonabledegreeofaccuracyinthelow-
lift-coefficientrangebymeansofexistingtheories.

Ingeneral,reducfigtheaspectratio.& theratioofroot
chordtotipchordresultedinincreasesindr.~andeffective
dihedralandincreasedthelongj.tudinalstabilitynearthestall.
Cuttingoffthetipofa swept-back@.ngnormaltotheleadingedge
reducedtheeffectivedihedralatlowliftcoefficientsendgave
a slightreductioninthe&ragathighliftcoefficients.Sweeping
forwarda partoftheouterpanelofa swept-backwingimprovedthe
longitudinalstabilityanddecreasedtheeffectivedihedralbutalso
slightlydecreasedthemaxdmnmliftcoefficientandincreased‘&e
dragathighliftcoefficients.Theuseofhigh-li~tdevicesat
eithertheleadingedgeorthetrailingedgem-swept-backwings
increasedthelift-dragratio shdtheeffectivedihedralathigh
liftcoefficients.Anincreaseintheratioofrootchordtotip
chordfor swept-forwardwingsgave decreasesinaileronrol..l.~-
momenteffectivenessthat
unsweptwings.

the

:

Muchinterestinthe
theoryofreference1

weregreaterthanthevaluescompute~for
-.

INTRODUCTION

useofhighly
indicatedthe

sweptwin~shasarisensince
increasesinflightcritical
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Machnumberthatcouldbeobtainedbythe.useofsweep.Theeffects
ofsweeponthelow-speedcharacteristicsofwingshavelongbeen
recognizedendtheory(reference2)indioatesthattheeffectsmay
beratherlarge.Someexperimentaldatam untaperedswept-back
wingsareprovidedinreference3. we presentpaperreportstests
madeCmvarioussweptendyawedwingsasanextemxlonofthework
ofreference3 toIncludetheadditimaleffectsoftaperratioend
sweepforwardandtoprovidedataforcanparisonwiththetheoryof
reference2.

COEFFICDITTS2NDSYMBOLS

Theresultsofthetestsarepresentedasstsn&dNACAcoefficients
off’orcesandmometitswhicharereferred~~”allcasestcthequarter-
chordpointofthemeanaerodynamicchord.oftiemodeltested~ne
datafortheswept-wingtestsarereferredtothestabilityaxes
(fig.l(a)),endthedatafortheyawed-wingtestsarereferredt.o
thestabilityax6s”“&idtothewind~-n-s(fig.l(b)).

Forthestabilityaxes&e’coefficientsandsymbolsaredefined
asfollows:

(~ liftcoefficient~~ whereLift.-Z
(@ )

C%.ax
maximumlift-coefficient

Cn ()yawing-momentcoefficient~
qsb

Cx longitudinal-forcecdefficient
()
~“
qs

% lateral-forcecoefficient
()
~ .
qs

c1 ()
rol.ltng-mxnentcoef’ficimnt -L?.-

qSb

% ()pitching-momentcoefficient~
qsc

x force alongX-axis,pounds

Y forcealongY-axis,pounds -.

f

.

A.

.—

——.
-“

—
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z forcealongz-axis, pounds

L rolling mmentaboutX-axis, pound-feet- 0 ‘- “

M pitchingmomentaboutY-axis,pound-feet

N mw~g momentabout Z-axis, pounii=feet . . ..’‘

Forthewindexes”thecoefficientkandsymbols‘aredefinedas
follows:

% dragcoeffictent
,( )

‘A whereDragu -X’ ‘
qs ...

xl forcealongX-axis,pounds
,,

Yf forcealongY-axis,potiiis

z forcealongZ-axis,pounds
~1

3 rollingnwmentabout.X-axis,

.,,
. ..

,’

po~d-feet
.. ..

~! pitchingmomentabout,Y-axis,pound-feet
s. Ii ya&g mdmenkaboutZ-axle,pound-feet

,,
‘Others~bo”lsem defined.as~ollows:

,.

A aspectratio
()
~:
s

q free-stieamdynamic

s“ Wingarea.., ,,,

,.. .

. .

()p~2pressure,poundspersqlwe,foot ~ .

,, -,
.. .- ... . ‘.. ” ..

c airfoilsectfonchor~me&mredinflightdirection

C1
.: (:J:’2c’~)wingmeanaerodynamicchord

. .
II wingspan .-

Y distancealcmgwingspan
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airvelocity,feetper.~ - -

massdensityofair,slugspercubicfoot

angleofattackofchordUne instabili~-axis
X@lene, degrees

angleof’attackofchordli~ inwind-axlm
X‘Z-plahe,degrees

angl,eofyaw,degrees, ..

angleofsweepofairfoilleadingedge,positivefor
sweepback,degrees

angleofsweepofquarter-chordline,positive-for
sweepbackjdegrees

angleofdihedral,degrees

taperratio
(F
cotchord
Tixchord)

flapdeflection,measuredin

ailercmdeflection,‘lneasured

aerodynamic-centerlocati&,

Subscripts:

‘o conditionsforzerolift

D

*

—

—

flightdirection,degrees

inflightdirection,degrees A

percentmeanaerodynamicchord

.. . .-. —

Symbolsusedassubscriptsdenotepartialder~vativesofccefficieti
withrespecttoangleofyaw,engleofattack,flapdeflection,
ailerondeflection,andliftcoefficient.For.example,

.

.)



NACARNNO. L7D23

.

.

MODEIS “ ‘

Themodels,whichweremahoganywingsusedinprevious investi-
gationsintheLangley7-by.10-foottunnel,areillustratedin
figuref32 end36 Themodelshavingconventionaltaperwereof “
mcA23012airfoilsectioninplanesparalleltutheoriginalplanes
ofsymmetry. Theuntapered.modelswereofNACAOO1.2&d NACA001~air-
foilsectioninplanesnormaltotheleadingedges.Themodelhaving
inversetiperhadlow-drag-typeairfoilsections,theordinatesof -
whicharegivenintable1. The-wingtipswerefairedononlythe
inverse-tapermodel.Thefull-spansplitflaptestedononeofthe1
untaperedswept-backmodelswasof ‘-inchsteel.andhada chordz
equalto27percentofthewingchord,ll%ehalf-spansplitflap
testedontheinverse-tapermodelwasof$-inchMasoniteandhad
chordsequalto20percentoftheairfoilsectionchord..The nose
flap(or slat)testesontheinverse-tapermodelwasofNACA22airfoil
section (reference4)ina planenormaltoitsleadingedgeandhada con-
stantchordequalta8~yercentoftheaveragechordofthe,yartofthe

(wing 0.36$ )to 0.95; over whichtheflap(orslat)waslocated..+.

TESTS‘ilyDREsuLm ‘

TestConditions

ThetestsweremadeintieLangley7-by10-foottunnelat
dynmi.cpressuxesof16,37and9.21poundspersquarefoot,which
correspondtoairspeedsofabo@80and60miles-perhour, -
respectively.ThetestReynoldsnumbers(fig.4)r=gedfrom
620,000to1,250,000,thevaluedependingohwe dynamicpressure
andon the meanaerodynamicchordofthemodeltested.Becauseof
thetmbulencefactorof1.6forthe,tunnel,theeffectiveReynolds
numbers(formaximumlit%coefficients)rangedfrom$&2,000
to2,000,000(fig.4). ,’.

.
Corrections

Dataforonlytheinverse-tapermodelhavebeencorrectedfor
tarescausedbythemodelsupportstrut.Notaredatawereobtained
fortheotherwingmodelsbecauseexperiencehasshownthatforthe

—
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~e titsarepresentedinfigures6
groups-force-testdata,tuftsketches,

to43intkree
andcomparison

general
plots“and

areindexedintable11.

TBXORETICALRELATICNSKtl?IS

Thebasictheoryforsweptandyawedtingsasdevelopedby
Betz(reference2) 1Sbasefl& “thec-&cept~t cm~”the&mponent
of’velocitynomaltothewingleadingedgedeterminesthechordwi=
pressuredistribut~on. lmcmgthesimplifyingassumpticmsmadeby
~Betzare:Thespanwi.seloaddistributionisrectangular,Me two
semispaneofa sweptwingmaybeconsideredindependentlyasyawed
wings,andthewingissweptbyfirstsettingthe@anelsatan
mgle ofattackandthensweepingthewinginsucha mannerthatthe
leadingedgesofthe~els remainina horizontal.plane.Thelast
asswnption,sinceitintroducesa ge~tric.dihedral,primarily
affectstherollingmoments,and,&incemaintatitigtiepenelleading
edgesina planeisnota praoticalarranganent,a seriesof
equationswasdevelopedfrom~etz’8workwltihoutsuohanassumption.

Thenormal-component-of-velocityconceptendtieassumptions
ofindependentsemispansandrectangularqianloading,however,were
retainedin thedevelopment
notallusedinthe,present
reference:

Yawedwings: “

ofthefollowingequation&,which&e
paperbutarepresentedforfuture

()CLG= cLa c0s2$ ,.,

w

CL5
()

=C
%,

COS**

‘f
*=O

(1)

(2)

(3)
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Sweptwingswithoutflapsorcamber:
.

cLa (J
= CL C06A COS2$

A=++
(4)

()cLa,= cLm cosA.C06 ~

. A=ly =0

(5)

,.
.

. .

,..

( )C2%0.0044 ~tan A+cL txm~
V a

.,

(’)%8=%5
a alby=o

Sweptwingswithfull-span

(6).

m

CosA Cos%y (8)“.

.

flapsorcamber:

C08A COE?$ (flaps]

COS2ACOS%( cmb.er)

%0 = 64 COSA
A=$=o

c1=

+

.

(9)

(10)

(11)

.

.

.
—

*



-- . % .- Page8,equations(6),(7)3and(12)shouldread
. -.

(6)

(7)

(12)
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% % 0.0087
$ ()CL~. tanh - 0.0044%tanA Sln~

a
r- -1

LL-(:L=---)S=A-t-().()()~~ tanr + o.ook4 C
a

orsince

9

(13)
.

(14)

(15)

Equations(1)to (15)takenoaccountofaqectratioa?qd
taperratio.Forliftandaileroneffectivenessthesefactorsmay
beaccountedforapproximate~inseveralwaysasfollows:

(1) Byuseofstandardcorrectionswiththeaspectratioand
taperratiobasedonanunsweptwinghavingthesameyanelsasthe
sweptwing(reference3) ‘

(2)ByuseofchartsdevelopedbyMutterperl(reference6)
whichgivethespanloadingandtotalliftofswept-backwings
calculatedbya methodbasedonWe@hardtfsextensiontolifting-
linetheory(reference7)

(3)Byuse of lifting-surface-theorycomputations(~ference8).

Foreffective.dihedrd.,inordertoaccountforaspectratioand
ta~erratiojthefollowingitemsmaybenoted:

(1)Equaticms(7),03),
Incrementsin Cl causedby

*

(2)Thebasicvaluesof

and(15)actuallyprovideonly
sweepandUhe&al

,.

c?7. maybeobtained.fromWeissinger
“v

(reference9)%yusfngthevaluesofaspectratioandtaperratio
actuallyexistingonthesweptwings.



‘Page-9, equatiom(13), (lk), and(15) shouldread
,-- -:

~(CL)&_tanA
Cl** +%

4%
tmr+*~’-(cL)-41’*A (13)

57.3“ 57*3
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DISCUSSIC.N

hI@tiudind StabilityofSwept~ill@?

Effectofaspectratio.-Ashasbeenshownin references3
and10,thepitching-momentcurvesbecomeincreasinglynonltiear
asthesweepangleisIncreasedandtendtobecomeunstablenear
thestall.Decreasingtheaspectratiogenerallyreducesthe
nonlinearityandtendstomakethepitchin-momentcurvestable
nearthestall. 2{Seefigs.6, 7, 9, and3 forexample.)The
dataforallthewingsIncludedinthepresenttnvestigatlcm,
bothswept-backandswept-forward,agreeverywellwiththe
su?mparychartofreference10asb theeffectsofsweepangleand
aspectratioonthepitching-mamntcharacteristicsnearthestallc
Asshowninfigure36, increaseeinaspectratiomovedtheaero-

. dynamiccenteratlowIift coefficientsslightlybackforthe
unsweptandswept-forwardwingsandslightlyforwszdfortheswept-
backwings.

Effectoftmerratio.-Inagreemeritwit%the&ta of”reference10,
thepre~snttivestigationshowedlittleorno effectoftaperonthe
pitching;mcamntcharacteristicsnearthestall.forswept-backwings.
(Seefigs.13and14.) Forswept-fo~dwings,however,increasing
theratioofrootchor~totipchordprovideda slightstabilizing
effectonthepitching-mcmentcurvenearthestall● (Seefigs.26
to 28.) Increasesintheratioofrootch6rdtotipchordmoved
theaerodynmniccenteratlowliftcoefficiezntsbackforswept-back”
w@s, verylittleforunsweptwings,endforwardforswept-forward
wings.(Seefig.37.)

., .“
Effectofhim-liftdevices.-Theuseofa full-spansplitflap

atthetrailingedgeorofa spoilerextendingfromWe nose.onan
untapered60°Iswept-backwing(figs.7, 9, and38) hadlittle
effectonthepitching-momentcurveexceptfora changein~im
producedbythetrailing-edgeflap. Forthe.inversa-taper‘sw&pt-
backwing(figs.14and38)theuseofa half-spancenter-6ection
splitflapatthetralljngedgeanda half-spentipslatol?flap‘..“
attheleadingedge- eitherseparatelyor‘incombinatia-- del%ed
theexcessivestability“athighliftcoefficients.andhadlitt~
effectonthestabilityatlowliftcoefficients.All,ccmb-t;ons
g?oducedsomechangeintkim,endintheorderofincreasi.&the m
ne$ativevalueof’~ a+ CL= O thedevicesare:leading-edge
slat,trailing~edgeflap,trailing-edgeflap,andleading-edgeslat,
trailing-edgeflapandleading-edgeflap,andleading-e&eflap.

. . . . ,. ..
,,. . .

-— >..
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Effectofti~modification.-Cuttingoffthetipnormaltothe
leadingedgecmanuntapered600swept-backwinghadlittleeffect
cmthenonlinearityofthepitching-momentcurveoronthestability
nearthestall(figs.6 end10)butdidmovetheaerodynamiccenter
backatlow lift coefficients(fig.39). Whenthe outer.!@.vercent.
ofthewingpsnelswassweptforward,hotiver,thepitching-moment
curvebecamenearlylinearsnaindicatedstabilitynearthestall.
(Seefigs. 6, fi,’-&d’39.) .,

,, ‘.

EffectiveD~edralofSweptWings

Effectofaspectratio.-Forunsweptwingstheelopeofthe
curveof’CZ against~ isfncre&3edpositivelyastheaspect

w
ratioisdecreased’;(Seer6ference9 andflg.36.]Thesameeffect
isshowninf@ure36foruntaperedswept-backwings.Altho@
insufficientdataarb”availabletoshowdirec~vtheeffectsofaspect
ratioon

()
c~ forswept-forwardwin~,tieagreementbetween
*CL . “.-..,. --- -.-:.,,-= J —

experimentandc~culationshowninthesectionentitled‘lComparism
withTheory11

()

supportstheargumentthatasyect-ratioeffectson
c1 ax%independentof sweep.T@ maxim?valueOf CZ for
$CL “ - $.

he swept-backwings(fig.36)wasincreasedslightlyastheaspect
ratio wasreduced,,

I&Pfectoftauerratio.-Accor@.ingtotie-calculationsof
Weissinger(reference9)anincreaseb’theratto,M rootchordto
tipchordshouldgivea reductioninthepositivevalueof

U
c1
Q CL”

Thatfiisrbsultistrueisindicatedbythedataoffigure37for
bothswept-backandswept-fo~dwings.Theappareqtdiecrepency
fortheunsweptmd f’ortheapproximatelyunswpptwings(fig.37)is
attributabletothefactthatthetaperedwingbuiltwitha straight
trailingedgehadenoughsweepbacktocounteractthesmalltaper-
ratioeffect.Forswept-backwings,increasesb theratioof
rootchorato‘tipchordapparentlyincreased.themaximmupositive
valueof C, “endtheliftcoefficientatwhichthismaximumvalue

. . ‘$ .,
occurred.

Effectofhigh‘liftdevices.-Thedataoffigure38 showthat
the useofhigh-lift devicescangreatlyincreasethemaximumvalues
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of cl, obtaineawithswept-ba~k@rigs~.T@ useofa full-spsh
*.

.—. -.. ,,...- .
splitfla~atthetrailingedgeofahunhperedwinghaying600
sweepbackgaveanincremehtihthevalueof C

.%
at ~ =,0,.,. ..

anincrementinthemaxlmwivalueof C~ , anda incrementin.,
* ,,__’ ..... ,.”,

thevalueof ~ atwhichthemaximumvalueof C~ occurretl,
w. .,,

Fortheinverse-taperswept-backwing,a half-spancenter-section

thevalue,of C.l at CL
*

wingtipswerecarryinga
a negativevalueof :1

w

splitflapatthe‘&aili&edgeprod~;edpracti@Uynochangein
u 0, .probab~because~~““CL= Cl*he“ :

negative:load;thislx intulmproduced, ,.
tocounteractthepo8ttlve,incremfmt.~,,,‘“

.. ..... . ..’.’“;....,.
providedbytieflap.!Cheuseoftheflapaid,hoirever?,ex~d we
curveof Ct enoughto produceanap~eciqbleix~creas,einthe

,,,. $ ..: ..,- ... ..“
maximumvalueof Ct andin’theliftcoefficientatwhich“the ~..,,. v “’ “ ““”’’’”””‘-’ “’
maximumvalueof C~ occurred.Fortheinverse-taperswept-back.

& .. ... . .
wingthewe ofthehalf-spanttp-sectionleading-edgeslat
(orflap)- eitheralcmeorIncombinationwiththetrafli?g-edge
tlap- resulted”h M.t’tlechangein”‘thevaluecd!Cl” at ~.=.Q’. ...

~“”.,
‘butdidincrease“& maximumvalueof’C2 and.theliftcoefficient

., Q
atwhichthemaxim~valueoccurred,’,probab~”becamethelead&- .
edge,&eviceeimprovedtheflqwoverthetipsathi@ liftcoefficients●1
Theuse.offull-spanandhalf-sp&tip-~ec$igbn,otiespoilersextenithg
forwzxbdfrom’thechordplaneonthe60°swept-backwing,.apparent~
tiprovedthefIoyc~dit,i?nsoverthewing-outerpanelandslightly“
Increasedthemaximumvalueof C2 .

v’,
,,

.,

Effectoftipmodificatlon.-cuttingoffthetipnormaltothe
leadingedgeonenuntapered60°swept-backwingreducedthe,slope
ofthecurve.ofCz .againstCL atlowl~ft coi3fficientsbutdid

ti

9-

.

-
—-

—

—
-.*-

.

.

“
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notchangethemaxbmmvalueof

40percentofthespan,however,

ma themaximumvalueof Cl ●

t

c.6 SweepingfOrwaratheouter

. (%)
markedlyreducedboth C .

%
{Seefig.39:) .

13

InducedDrag,MaximumLift,andStallingofSweptWings

Effactofamectratio.-Curvesw figures19 and36 indicate
the effect ofaspectratio On we ~aucea ~Ev3y the ~~~ liftj
andthestallingcharacteristicsforunsweytistraightwings.
Reducingtheaspectratiofrom6 to 3 increasesthedrag,sincethe
~nthzceddragvartesinverselyastheaspectratioaA reduction
in c~ occwsasMe aspect.ratioISdecreaseda~thoWthe -

,.. . ..
stallen~e is~@herforthe,lowerasp?ctrattoo .

wingssveptback30°.(fig~.l~)”shotigener~thes~~ effect
asunsweptstraightwings.Whentheaspectratioisreducedfrom
-5.2to4.5, anincreaseindmg amla reductionin ~. occur.%
Wingssweptback600(figs. 6, 7“,9; ad 36) also showanincrease
in dragas the aspectratio is reduced in the lowei- lift-coefficie@
range,butathigherliftcoeffidbntsthe-dragofthewingwith
thesmalleraspecti*~tiO is less thanthat of the wingwiththe
higheraspectratio.me sameeffectwatiobtainedihtestsof60°
swept-backwingsin,theLangley300MPH7-by10-fc&tunnel
(reference11).Thehigherdr~ ofthewi~ withMe largeraspect
ratioisprobablycausedbythespanwiseflowtowarathetipsof
swept-backwings;thisflowresultsina thickeni~oftheboundary
layerandcausessepmatedflowoverthewing.Thiscondition
apparentlybecomesmoreaggravatedatthehighersweepanglesasthe
spanis“increasedand’results,@ a dragincremenklargeenoughto,
offsetanydecreaseininduceddra”gcauserdby increasingtheaspect
ratio.

.
Aspect-ratiochangeshavea normaleffectonsweyt-fo~@i

wings,asseeninfigures25and34. Theeffectissimilartothat
forunsweptendfor30°swept-backtings,butthe Increase in Wag
andthe

forthe
lGSS‘“ c%lax

withdecyeasesinaspectratioappearlarger

swept-forwardwings.

---
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Effectoftanerratfo.-For~wept wingsfi@xre’37shows
.

thatan“Increaseofta-per:r@itic&lMb &dhc_e&”drag,%uttheapparent
forthewingwitha taperratioof3.0is

‘iCwasetiC%ax ;.: .’?. ‘ ‘“ .“ ‘:”. --—
probablya falseeffect’sincethetaperedtii&s’”arec“~bered
(NACA23012)airfoilsectionswhereastheuntaperedwingisUncambered.
Comparisonofthetapered-wingda~ withdataona rectangular
NACA23012.&irfoilqectioti(referehce12)showsno’effectoftaper

~%lla
● Asthewingsareswepteither forwardor backthefavor-,, . ... . . .. ... *./ 4,, .—

abl?.eff~qt ‘of in&ea&&”rc@o~@root’-6&~.to tip c.~ord””ih,”reducing
t&Jiri{Qc6.&,drapj~beCcmes~qu$:el~ge.~~ ,. ,,,.-.= .‘..... s

. . .. .,,, ,.. . .. . . . ..
... . . . .“.’. . .-. . .-==. ., -.= . ... .

‘.’!l%f%:dtutlies’Of“the,Bwejt-backwin@“’(-fig.35)’,“tidic&tetiat..
thestall’;$~%timiis‘dirnilartothat’observeddnothersweyt;back
wingsatlowReynoldsnumbersG Atumderatelift.,coef?ic$?Qtsa
regionofdisturbedf10W’c&&s ontheleadingedgej thenthetip

-.

ata318~,dthestall,?oves..prpgregs$velytoyardthe,.ce~tersection.
—

Ch~es ,in”t@j&r‘d~dnot..apprec,~ablyaffectthe~ener~p~t~rnof
thq,,at’1l’;”’. ,. “,., ;,,-:,;~- ...- ., =

—
-.

. &&~Ct ofh;i.— ah’lift devices.?,T$ewe of.full-spahs lit’flaps.—
?.,on,thetrail~~edge,of.a.nuritapered60Uwwppt-backwirigfig,’7)

.

increqsep., “‘
%

onlyslightlybut‘didreducethe“an@e“ofatt&ck., x. . .. ,, ...’ ,..
for:“ :.:.::”

%
tiedrag& @creasedovermo8tof‘theitft-coeffictent

A
~ “’ .. .- ,.

range,~d bb~amb.les~.th~ for&e ~~a~n~w~$g‘onlysllghtlybelow
.—

~&&: ‘:.~,’~P~\-_pp~n.:bs’e~~o~le.rte~ted,.og~e.60d,qwept-backwing “ “- -. . ——
(f~~’~)“gavea SI’tghtly’lageriiicrementof‘C& thandidthe.,.,..;, ,-
eplz.tf:lap.iutIndicated,n,ocha&e.inthes*11 angle.Thedragwas
“Incr%set“uptoa liftcoefficlent .of about o.6 butwaslessthanthe
~bg of,theyla~ yingab,ove~CL=,O.6.,, .(.,-...,... ~

Deflectinga half-spansplitflapontheWailingedgeofa
37●5°.swept-packwing(fig.14)oraddingeitiera“leading-edge
#lat orflap ~ thetipi.ncree,sed,C

h“
~Deflectingthe’”flap”’

i.bcrqasedtine’?@g’up,tokld.ft.,coe.~icientof0.65andtien@.ve:~, .—

“less-drag“*” thepla~ wtng”upto C*C Theadditionofeither
theleading-edgeslatorflapfurtherreducedthedragfroma lift
coefficientof0.65upto C%. Theadditionofeithertheleading- .

—
edgeslat orflay with the tralMng-edgeflapundsflectedreduced
thedraginthehigherl$ftrangebyanamountaboutequaltothat .
causedbydeflectingthetrailing-edgefkp alone,Deflectingthe
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relit flaphadMttle
tipslatconsiderably
and35(d)).

effectonthestallpatternbutuseofthe
delayedtheStallatthewingtip(figs.35(c)

. . . .

Estimatesbased.onailerondata(fig.30)weremadeto
detemrdnetieeffectivenessofa spilt.flap~ thetipofswept-
forwardwings.Theinc~ementofliftat a = O for.thehalf-span
splitflapontietipd k kjos%pt-forwardwtigwasslightly
greaterthanthatforaninboardha.lf-~pan.splitflapona 45°swept-
backwing(reference3)and.almiosttwices+greatasthatforen
outboardhalf-spansplitflapona“45°swept-backwing(references3
and13)0Littledifferencewasnoted.intieincrementof.C-

providedbythesplitflaponstiopt-forwgrdandswept-back-wings.

Effectoftipmodtiication.-~&ing offthetipofa swept-
backwingno~l totheleadingedgecausedareductionindragfrcm
a liftcoefficientofO.x Upto max@m.miiftsincethetaper
ratiowaseffe’ctivel~increa8ed(fig.39).“Sweeptigtheouter
40percentofthewingforwerdincretiedmtihedragfraa lift
coefficientof0.80to %x andslightiyreducedL, , probably
becauseoftheincreased.titerferencebetiieentheswept-forward-and

. theswept-backpanels.

A AileronEffectivenessforSw6pt-FcnwardWings

Datafortwo45°swept-forwardwingsoftaperratio1.0and4.0
equippedwithhalf-spansplit-flap-type0020caileronsdeflectedon
theleftwingonly~e presentedinfigures30and33.

Comparisonswhichaccountedfortherel.&t$veeffectivenessof
plainandsplitflaps(reference13)indicatethattheaileron
effectivene.esCl

6a
ata liftcoefficieritof0.2‘forthe450untqered

swept-fo~dwingwasabout10percentgreatigthanthevaluethat
wouldbeobtainedforthe450untaperedswept-backwingofreference3.
Thisresultisprobablycausedbythe&innerbounderylayerandthe
lessturbulentflowexistingonthetipsofswept-forwaYdwings,

The@ta showedthatthelossfnaileronrolling-moment
effectivenessreeultin~frtihcre&s6-dkper”~sgreaterfor
swept-forwardwingthanthelossindicatedforunsweptwtigs. reference14. . .

.

the
in

,.,
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COMPARISONWITHTiiEORY
.

. .
Yawed-WingLift-CurveSlope

.. —. —

Thetestsoftheyawe&wingsweremadeprimarilytoprovide
a relatiinil.yquickpreliminarycheckonBetztsconceytofthe
effectofyawanthelift-curveslope(reference2). Asshownby
figure 40 the datafor th6NACA0012wingof aspectratio 6 .
agreedalmostexactlywiththe cos~e law. Testsof anI?ACA0012wing
of aspectratio 3, however,showedless effebt of yawon %x
thanlsindic~tedbytheoostielaw.Inanefforttoexplainthe,
discrepancy;testsweremadeoftwoflat-plateshawingaspect
ratios&f 3,’one rectangularand.one.ofinfinite taper. AsShOWn
byfigure40theinfinite-taperm“delshowedtioreeffectofyawthan
thecosinelawandtherectangultiplateshowad.lesseffect.Additiaml.
tests,ofa flatplatehavinganaspectratioof1.27showedan”increase
ratherthana decreasein ~ asthemodelwasyawed..These

a)
resultsmaybepaxtlyexplainedbythefactthatasa rectangle1s’
yawed.thespannormaltotheair-streamdlrectim-end&us the
asyectratio- Increasesforpartoftheyawrqlge. The,atnountof
increaseandtheanglesofyaw”overwhichthisincfieaseappearsare
functionsaftheaspectratio,andtietaperofthebasicmodel,
Cbrrecti.cnmappliedonthisbasisindicalmthatallthedatawould
groupaboutthecurvefor’theimfinite-taperplatehavinganaspect
ratioof3. Theresultingcu2veshoweda slightly zreatereffect of
yawtlymiq ind.icatd by,~e cosiye law. - - -

~ Thedataof
lift-cmveslope

Svent-WingLift-CurveSlope

reference3 indicatethatintiecomputational!
o?sweptwingsthecosinelawis’validprovidedtlie

aspectratiou~edisthatof’anunsweptwinghaving”the’s~panels
asthesweptwing.Onthisbasisandbyuee.of% lffting-&&aca-
theoryequationforthelift-curveslope(reference15)figure41
wasderived,By’use“of’figure41anda valueo?O.OWforthe
sectionLift:ctiveslopethevaluesof C?& werecomputedforall

,.
theewept-wingtesx. Themeasuredendthecomputedvaluesof

areshownh figure4!2.Theagreementiskasonablygoodbut
indicates,asdidtheyawed-wingdata,thatthecosinelawdoes
indicatequiteenoughdropin CLa as L isticfieased.

%“
.

not

.
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Swept-WingEffective IMhedral

InthecalculationoftheeffectivedihedralMe sameprocedure
wasfol.luwed&isinreference3 exceptthattheaspectratioand
taperratioaswellasthesweepwereaccountedforbyobtiti”fng ::

U

C2 frcmthefollowingformulaofWeissinger(reference$.:

@%Ad
,, :,

Reference9 statesthat
dependsonthewing-tip
ofunityforsquare-cut
havingaspectratiosof

the constantK isintitermina@b~t ~ . .
shapeandisprobablyoftheorderofmagnitude
tins.ThedatafortheNACA003.!2airfoil’s
3 &d 6wereused

valueofO.78wasobtained.

(1Thevalues of C forthemodels

L
in~estigationwerecomputedbyusingK =
end(16)c Figure43 showstheremarkably

toevaluateK anda

testedinthepresent

0.78
close

=d equations(15)
~e~t obtatied

between-them&suredandtheccmputedvalues.

CONCLUSIONS

Theresultsoflowspeedtestsinthe
ofseveralsmall-scalemodelsofyawedsnd
followingconclusions:

I=@ey 7- by 10-foot tunnel
sweptwingsindicatedthe

1.Thelift-curveslopeandtheeffectivedihedralforswept
wingscanbeccmputedwitha reasonabledegreeofaccuracyinthe
lowlift-coefficientrangebymeensofexistingtheories.

2.Ihgenerareducingtheaspectratioandtheratioofroot
chordtotipchordproducedincreasesindragendeffectivedihedral
andslightlyincreasedthelongitudinalstabilitynearthestall.

3.Cuttingofftietipofa swept-backwingnormaltotheleading
edgereducedtheeffectivedihedralatlowLiftcoefftcIentsandgave
a alightrehuctioninthedragathighliftcoefficients.

●

i
.
.
1



a% 1+ = 57.3pzJ = *P + O~l:(; -1) - 0“10
(16)

5793 CL
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An errorhasbeenfoundinWeissinger~sformula
whichhasbeencorrectedinthefollowin~reference:

Weissinger,J.: l&@nzungenundBerichtigungen
derschiebendenFl@els. Jahrb.1943derINZ,E.Y.(Berlti–

(reference9)

zurTheorie

Adlershof),lY@!21,pp.1-6.

page17,equation(16)shotidread

* = 57m3@)% = 0.5
57”3~ bcL

Thefactor O.5ccmverts theformulafromtermsofsemispansasusedby
Weissingertospans.Withthefozmmlainthecorrectedformthe
factorK shouldbe chengcfrom0.78to1.51(seep.17,linesu
and13).Theforegoingequation(16)supersedesthecorrectionto
equati6n(16) in ttie pieti-ouserrata of this

RESTRICTED

.. ,,

I
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4. Sweepingforti a partoftheouter
wingimprovedthe longitudinalstability and
dihedralbut also increasedthe drac!at hi~

NACARMNO,L7W.3

panelof a swept-back
decreasedthe effective
lift coefficients and

slightlydecreasedthemum lift-coefficient.. . ,“
5.Theuseofeitherleading-edge.ortrail~-ed.gehigh-l~t.

devicesonswept-backwingsincreaseathelift-dragratioandthe
effectivedihedralathi@ liftcoefficients.

6. finincreaseintheratio ofrootchoriitotipchordona
swept-forwardwingcauseddecreasesinaileronrolling-moment
ieffectiveness’that-’weregreaterthanthelossescomputedforunswept
wings● ,.

Lm@eyMemorialAeronauticalLaboratory
NationalAdvisovCommitteeforAeronautics. .

.LangleyFiel&,Va, -
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WI

AIRFOILORDIHATISMWSFW71CNINVERSE-TAPERMODFZ

[Chordwlsestationsandordlnatasgiveninpercentof a~oil-sectionchord]

S@zmine staticm

Chordviee 21.25 in. rightof 21.25 h bft of
dtatloll Cantar line canter line centar line

UppersurfaceLovermrfaoe UpperamRace Lcmr surfaceQpar aurfaoeLowermrface

o 0 0 0 0 0 0

●73 ●9O ‘.82 .72 .65 ●T9 .65
1.25 1.)2 ,.98 .94 .% .99 .84
2.5 l.~s 1.28 1.32 1.10 1.40 1.15

5.0 2.21 1.73 1.* 1.yl 1.9s’ 1.65

7.5 2.65 2.06 2● 1.90 2.45 2.05

10 3.03 2.30 2.~ 2.20 2.83 2.35

20 k.ca 2.83 3.70 2.go 3J39 2.93

x 4.55 2.~ 4.13 3.21 k.4o 3.21

40 4.68 2.g2 4.26 3.15 4.46 3.17

w 4.53 2.73 b.25 2.gg 4.35 3.01

63 3*93 2.48 3A 2.66 3.90 2.66

70 3.n 1.95 3.0s 2.16 3.17 2.(x

80 2.crj’ 1.32 2.15 1.50 2.lg 1.42

90 1.05 .77 1.10 .fJo 1.12 .75

100 0 0 0 0 0 0

IiATIGiiALADKL20RX
KWITTEE FORAERCHAU1’ICS

--
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TABIEII

moxoFFrou2E2

.

.

~ AaPy=*% Taperrati~ Mcdelamflgnrathmatxltact
Model

(dt!g)
A MrfoilSeotson Odtiaa Fl&ra

mn’oa-tast dnti

60 $2.6 1
:

I?ACA0012 * -Is’,i>o 6
60 1..5 1
60

RACA0012 * .00,*J m.ng+ eplltflap 7
2 1.3 1 IMCA003.2 * = Oo,i5°j wing+ moo apdlar 8

3$4 &l 3,31i5 1 XACAoa~ *.00 9
. 1

6
NACA00Y2 * - o“,?50Jout-offtips

*2
10

2.6 1 XAcA0m2 ~ .0°, *j 0VDpt-fOM6 11
outqpenale

7 56 2,.1 2.9 RACA23012 * - w, *5O B
8 37.5 2.04 RAM23012 * - w, 250
9 37●5 : 0.617 Lav-drak-tope * = (P, *50; falred tipjsplit ::

flap;noseslatemlflap
!.0,?.1 5.2,6$.3 1 HAM 001S *.@ 15
12 E IMCA232X2 * = 00,w 16
13 6 6 ; RACA23(X2 $.00 17
14 0 1

6,:3
l!ACA003.2 q-v 18

19ib16 o 1 I?ACA0015 *=00 s
o 1 mm oo12
0

Yawrange;siaMliWahdwindtie m
1 HACAoo12

2 0
Yavrange;stabll~tyemltindaxis 21

: 1 Flatplata Yavrange;stahllit.venhti axis 2?
1.9 0 3 m Flatplati Yavrange;utabllitrand_ axis 23
20 1.27 1 Flatplata

U, 22
Yavrange;stabfiityend_ axis 2b

-3: 5.2;&5 1 E# Co& *.00 2>
23 -3Q * -00,*5O 26
24 -30 3:6 ~.85 mm 23012 * -00,*5O v

3.6 4.24 RACA23012
% :$

* - N, *5O 28
2.1 1 RACA00U * -.00,+50 29

26 -45 2.1 ITACAMM * -W, %o~ wing+ ●llerm
-45 :.5

w
27 2.1
28

NAOA23012 *-W
-45

Y
2.1 4 I?ACA23012 * = 00,t50 9

28 -49 2.1 4 IWCA23012 * .0°,*50Jving+ a~lerm 33
29,3C -60 3,1.5 1 NACA0015 $.00 *

TuftE3cetohes

2 60 1.5 1 HACA0012 ;:
7 % 2.1 2.5 l?ACA23(M -..

3 0.617 Lev-d.rag-t#pePlainVlng
; ~:; 0.617 LOv-drag-@paWng + tip.9Uti %

5
z

IJACA23012
-45 2.1

350
2.5 RACA230z2 35?

CcnlparlscalfQurea

EffeotC&aapeotratio 36
Effeat of taper ratio
Effeotofhigh-llftdevkes 3
Effeotoftipnmllfioatlon
Yawad-whgMft-ourveslope z
L~ft-ourveslopsforineptwlnge 41
Comparlaonofmeasuredandoauputi&ltit-ourwelopesr~eweptwings 42
CmparLecaofmeasuredandcauputadvaluesofeffeot~vad3.hedralforsweptwlnge 43

.

.

.
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(a) Stabilitysxes.

Figure1.-Systemsofaxesused.

(b)Wbd sxes.

Positivevaluesofforces,moments,andsinglesare
indicatdbyarrows.
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Figure2.- Planforms anddimensions

.

A 2.62

A 1

% Q.a *
.1 19.8b.

* 19.E*

% 19.8SD4
● lais q. Sk

—

k/4
A

A
b

“m

4@

2..49
.L
29.6sm.

19.0sm.

19.6b.

19.sin.

5s6.00q. S&
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Wind

Moc/el 5
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Model 7’

Figure2.- Continued.
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A 3.14
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% 19.8 b.
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Fig.2cont.
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Figure2.- Continued.
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ModeI 12

Node/13

Model /4
I

Models 15and 16 I

Ao/4
A
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b

Fig..2cont.
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z 0.317h.
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Figure 2.- Continued.



Fig.2 cont. NACARM No. L7D23

.

●

Model 17
,.

1 I AO14@

Model 19

Mode/20

10h.
10b.
300Sqm.
2.5 h.

10in.

10h.
303Sqm.

E!.5la.

“a Zola.

%0
s 150cqin.
z 4.99 b.

% 20 in.

9 20 in,
s 510Sq in*

NATIONALADVISORY
CONNITITEFC4AERONAUTIC%

——

———
—

——

. —

FigureZ.- Continued.

.

——.

—

.

.—



NACARM ~0. L7D23

.

.

.

Model 23
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NACARM NO. L7D23 Fig. 3a
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(a) 45° swept-forwardwing.

Figure 3.- Sweptwingsmountedin test sectionof Langley7- by
10-foot tunnel. Frontview.
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(b) 60°swept-backwingwith60°swept%orwardouterpanels.

Figure3.- Concluded.
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Fig. 35c NACARM NO. .L7D23
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Figure35.- Continued.
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